Introduction
The ATLAS detector has been designed for determining mainly the source of electroweak symmetry breaking in proton-proton collisions. Many of its components could serve to measure the properties of nucleus-nucleus and proton-nucleus collisions: the silicon pixel and silicon strip tracking elements close to the interaction point, finely subdivided electromagnetic calorimetry and a muon spectrometer that does not depend on tracking inside the calorimeters. We intend to study the physics potential of the ATLAS detector in nucleus-nucleus and proton-nucleus collisions as outlined in this letter.
Lead-Lead collisions at LHC will take place at over a 1,000 TeV total center-ofmass energy, which is well over an order of magnitude higher in center of mass energy than achievable at the Relativistic Heavy Ion Collider (RHIC). It is expected that energy densities of up to 30 GeV/fm 3 can be reached allowing for the exploration of forms of matter not previously seen in the laboratory.
We believe that the ATLAS detector has enormous capabilities for both nucleusnucleus and proton-nucleus physics. The ATLAS nuclear physics program will have some aspects that are competitive with what ALICE or CMS can achieve. Some overlap with measurements from ALICE and CMS is expected. The diversity of goals among all experiments is crucial for the overall success of the LHC nuclear physics program.
The construction of the ATLAS detector is well under way, and for a relatively small cost to the nuclear physics community, state of the art measurements could be made to elucidate the nature of nuclear matter at the highest possible energies and parton densities. Here we outline several interesting physics goals. Detailed simulation will need to be done to assure that these goals can be met. When this letter is completed as a proposal, we expect that many of our colleagues both in the U.S. and the rest of the world will join this program. This letter of intent is just the beginning of the process.
The ATLAS detector
The ATLAS detector is designed to study proton-proton collisions at the LHC design energy of 14 TeV in the center of mass. The physics pursued by the collaboration is vast and includes: Higgs boson search, searches for SUSY, and other scenarios beyond the Standard Model. To achieve these goals at a full machine luminosity of 10 , the calorimeter is designed to be as hermetic as possible and has extremely fine grain segmentation. The detector as shown in Figure 1 is a combination of three subsystems: Inner tracker system, electromagnetic and hadronic calorimeters and full coverage muon detection.
The inner tracker system is composed of (1) a finely segmented silicon pixel detector, (2) Semiconductor Tracker (SCT) and (3) the Transition Radiation Tracker (TRT). The segmentation is optimized for proton-proton collisions at design machine luminosity.
The calorimeter system in the ATLAS detector is divided into electromagnetic and hadronic sections and covers pseudo-rapidity |h|<4.9. The EM calorimeter is an accordion liquid argon device and is finely segmented longitudinally and transversely for |h|=3.1. The first longitudinal segmentation has a granularity of 0.003 x 0.1 (DhxDf) in the barrel and slightly coarser in the endcaps. The second longitudinal segmentation is composed of DhxDf = 0.025 x 0.025 cells and the last segment DhxDf = 0.05 x 0.05 cells. In addition a finely segmented (0.025x0.1) pre-sampler system is present in front of the EM calorimeter. The overall energy resolution of the EM calorimeter determined experimentally is 10%/E 1/2 ⊕0.5%. The calorimeter also has good pointing resolution (60mrad/E 1/2 ) for photons and timing resolution better than 200 picoseconds for showers of energy larger than 20 GeV. The hadronic calorimeter is also segmented longitudinally and transversely. Except for the endcaps, the technology utilized for the calorimeter is a leadscintillator tile structure with a granularity of DhxDf = 0.1 x 0.1. In the endcaps the hadronic calorimeter is implemented in liquid argon technology for radiation hardness with the same granularity as the barrel hadronic calorimeter. The energy resolution for the hadronic calorimeters is 50%/E 1/2 ⊕ 2% for pions. The very forward region, up to h<4.9 is covered by the Forward Calorimeter implemented as an axial drift liquid argon calorimeter. The overall performance of the calorimeter system is described in [1] .
The muon spectrometer in ATLAS is located behind the calorimeters, thus shielded from hadronic showers. The spectrometer is implemented using several technologies for tracking devices and a toroidal magnet system. Most of the volume is covered by MDTs, (Monitored Drift tubes). The forward region where the rate is high, Cathode Strip Chamber technology is chosen. The stand-alone muon momentum resolution is of the order of 2% for muons with p T in the range 10 -100 GeV.
The performance of each subsystem is summarized in a series of Technical Design Reports [2] .
The ATLAS nuclear physics program
The ATLAS experiment has the optimal electromagnetic and hadronic calorimetry among all experiments at the LHC for performing energy measurements. In central Pb-Pb reactions, while the inner silicon layers will provide some track information, the transition radiation tracker (TRT) will have very low efficiency due to high occupancy. The calorimeter has the best granularity compared to other LHC detectors with good energy and timing resolution and will be fully functional. This will provide the optimal opportunity for measuring jets using detailed shape information. The muon spectrometer can be used for b-jet tagging as well. The proposed nuclear physics program with the ATLAS detector is outlined as follows:
• Global variable measurements -Measurements of total transverse energy flow E T and dE T /dh, event multiplicity N and dN/dh, and elliptic flow will provide a direct measurement of the energy density, reaction dynamics, and will permit the selection of the collision impact parameter. These measurements can be done extremely well with the ATLAS detector.
• Jet quenching studies -Hot QCD matter may modify jet properties (e.g. cone radius and energy) because partons may radiate soft gluons in the presence of a dense quark gluon plasma before hadronization. Early RHIC results suggest that quenching may be the cause for the suppression of hadrons at large p T . At LHC jet properties can be better measured when compared to RHIC due to the higher collision energy. We are exploring the feasibility of identifying g-jet, jet-jet, and perhaps Z-jet channels in the presence of the heavy ion soft background.
• Heavy quarks -Theoretical work indicates that heavy quarks propagating through the QCD medium lose much less energy via gluon bremsstrahlung than light quarks, and results in less quenching. b-jets in ATLAS, for example, could be tagged by the associated muon and measure this quenching.
• Quarkonia -Screening of the long-range attractive potential is expected within the hot QCD medium. The observation of ° states suppression is a direct consequence of hot plasma formation. We are in the process of evaluating the ° mass resolution attainable with the ATLAS muon spectrometer.
• Proton-nucleus collisions -Proton-nucleus physics at the LHC will focus on the perturbative production of gluons and the modifications of the gluon distribution in the nucleus at low x. We believe that there is an excellent opportunity to study proton-nucleus physics with ATLAS. It will also provide a baseline for the understanding of nucleus-nucleus physics.
• Nucleus-nucleus ultra peripheral collisions -The highly Lorentz contracted electric field of heavy nuclei is a source of high energy photon-photon and photon nucleon collisions. Heavy quark photo-production may allow for the determination of the saturation scale within the context of color glass condensate model.
ATLAS Physics in Nucleus-Nucleus Collisions
The nucleus-nucleus physics program in ATLAS will make extensive use of the large calorimetric coverage, the muon spectrometer, the pixel detector, and the SCT detector system. The coverage of the ATLAS detector will permit the event characterization and direct measurement of the energy density for nucleusnucleus collisions. In the early stages of the heavy ion runs, measurements of the total energy flow, E T , and its dependence on pseudorapidity dE T /dh will be possible. The silicon pixel system could also be used for the measurement of total charged particle multiplicity and also dN/dh. An analysis similar to what was done by the PHOBOS collaboration could be done. The calorimeter will also provide a measure of the reaction plane in non-central collisions via an azimuthal angle energy distribution.
In ultra-relativistic central collisions (b ~ 0 fm), an enormous number of virtual partons, dominated by gluons, are freed from the nuclear wave function. These partons should form a quark-gluon-plasma characterized by quark deconfinement and restoration of approximate chiral symmetry. One major advantage of the higher LHC collision energy compared to RHIC is that the initial parton densities are so high that a description of the gluons as color field solutions to the Yang-Mills equation may be relevant. This picture, referred to as the color glass condensate, has had some initial success in describing RHIC data, but would be in a more clearly relevant regime of Q 2 at the LHC [3, 4] .
At the LHC energy regime, hard processes namely jets can serve as probes of the hot QCD matter created after the nuclei collide. Because of the expected longer lifetime and higher temperature of the de-confined state these probes could be a direct evidence of the quark interaction with the plasma. One of the key observables is the measurement of parton probes of the plasma medium via their induced gluon radiation, often referred to as jet quenching [5] [6] [7] . The parton energy loss is directly related to the initial gluon density of the system, which is expected to be over a factor of ten higher than at RHIC. As these partons travel through the plasma their energy loss should result in a softening of the final jet fragmentation into hadrons. Given the large calorimetric coverage and the fine segmentation of the ATLAS detector, these probes are the most suitable to be used in the nuclear physics program.
Early results from the PHENIX experiment at RHIC [8] have shown first hints of energy loss effects. They also point out the critical need to measure fragmentation functions with identified particles and with known original total jet energy. In Figure 2 the suppression factor R AA for identified neutral pions is shown as function of the transverse momentum from the PHENIX experiment.
Overlayed is a theoretical calculation from Vitev et al. [9] that shows qualitative agreement at RHIC energies and show predictions for LHC energies. It is noteworthy that there is larger suppression due to the expected higher gluon density and that the suppression remains significant for p T > 50 GeV/c. Detailed simulation studies will be required to understand ATLAS capabilities of detecting p There is excellent opportunity in ATLAS to measure g-jet, jet-jet and Z-jet events where one can more fully characterize the modified fragmentation functions. In particular, the g(or Z) in g(or Z)-jet processes provides a "control" over the awayside jet energy and direction that will allow the physics of quenching to be studied quantitatively and in great detail [10] . The effects of hard gluon radiation on the photon/jet energy imbalance and angular distribution can be studied in great detail using the high-statistics p-p data set. The g-jet channel requires the identification of a photon. In proton-proton collisions the rejection of g/p 0 is about a factor of three up to a p T of 50 GeV. However, the heavy ion environment presents considerable more challenge. Z 0 production rates have been estimated by Wang and Huang [10] . For p T larger than 40 GeV, we expect of the order of 500 Z 0 AEm-m+ events for one month-run. Therefore multiple runs may be required to extract relevant information on jet fragmentation. Recent theoretical investigations [11] have indicated that charm and bottom quarks propagating through a dense partonic medium will have a supressed gluon radiation. Thus the possibility of measuring b-jets in ATLAS would give an important comparison measurement to the light quark and gluon jets. Such measurements would have important implications on gluon shadowing and saturation models. Tagging of b-jets by the associated muon is possible in the proton-proton environment [1] . We are currently studying the possibility of tagging b-jets by matching a measured muon in the standalone muon spectrometer to the jet measured by the calorimeter system in the heavy ion environment. In the same spirit we are also investigating the possibility of probing the media with the heaviest of the quarks: the top quark.
It is worthwhile commenting that reconstruction of jet with energies above 40 GeV seems feasible in the ATLAS environment. Below this energy the large combinatorial background will greatly compromise jet energy measurements. However filter algorithms based on jet profile libraries measured in proton-proton collisions may substantially improve measurements.
Suppression of quarkonia states is expected in a de-confined medium due to the screening of long-range attractive potential. We are beginning studies of the ATLAS capabilities to identify ° states. The initial evaluation is that the standalone muon system will provide marginal resolution for a clear separation of the three states. However the use of the SCT and pixel detectors can enhance the mass resolution.
A detailed simulation of the ATLAS detector in the heavy ion environment is under way. Figure 3 depicts one HIJING event for b=0 in the ATLAS detector. The detector geometry utilized is the same as used for proton-proton collision simulations. The path for the simulation studies is very clear. For jet physics it is very important to establish what are the detection thresholds vis-à-vis the underlying soft background for one heavy ion event. It is also interesting to establish the detector's sensitivity to changes in the various jet parameters, e.g, cone radius. A detailed simulation for the di-muon invariant mass reconstruction is also under way. 
ATLAS Physics in Proton-Nucleus Collisions
The ATLAS detector provides an unprecedented opportunity to study protonnucleus or light ion-nucleus collisions in a detector with both large acceptance and nearly complete coverage of the various final states that can result from perturbative QCD processes. Measurements of proton-nucleus collisions at the LHC will not only provide essential control of the hard processes that are expected to determine the initial conditions of heavy ion collisions, but these measurements can also address physics that is, in its own right, of fundamental interest. The full ATLAS detector will be functional for proton-nucleus collisions since they are not very different in occupancy (at most a factor of 5 larger than in proton-proton collisions for soft processes) than the expected 25 simultaneous proton-proton collisions per bunch crossing at LHC design luminosity
The ATLAS detector provides an existing facility in which critical, high-precision proton-nucleus measurements can be made with no additional hardware. The possible addition of a zero-degree calorimeter provides additional opportunities outlined below.
Much of the interest in proton-nucleus collisions at the LHC is focused on the perturbative production of gluons and the modifications of the gluon distribution in the nucleus at low x. Even at RHIC, the perturbative production of gluons is expected to play an important role in determining the initial conditions of a heavy ion collision [12, 13] . At LHC energies, hard gluon production becomes even more important due to the growth of the gluon distribution at low x. For example the production of 20 GeV gluon jets through ordinary pQCD processes will involve initial-state gluons at an x of ~2x10 -3
. The more copiously produced lower pĝ luon jets will probe even lower x values. At such low x, strong modifications of the nuclear gluon distribution are expected and understanding these modifications will be essential to understanding the initial conditions of heavy ion collisions at the LHC. At large Q 2 , the modifications to the nuclear gluon distribution are best understood in the context of shadowing, and extensive pQCD calculations of the nuclear size and the x dependence of the shadowing modifications of the gluon distribution in heavy nuclei have been performed [14] . Studies of (e.g.) photon-jet and † bb production in proton-nucleus collisions will allow these modifications to be measured providing both an essential test of the theoretical calculations and a important constraint on the initial conditions of heavy ion collisions. The large pseudo-rapidity coverage of ATLAS will allow the nuclear shadowing to be mapped out over an x range ~ 10 , the evolution of the parton distributions in the nucleus becomes nonlinear due to the large gluon density in the transverse plane [15] . The physics of saturation is controlled by a scale, Q s , such that the growth in the gluon density in the nucleus with decreasing k^ is cut off for k^ £ Q s . In the very small x range accessible at the LHC, Q s may be larger than 4 GeV [16] , and since the gluon parton distribution g(x,Q 2 ) is sensitive to gluons with k^2 £ Q 2 [17] it should be possible to directly probe the saturated gluons by measuring hadron production over the p^ range 2 £ p^ £ 4 GeV/c.
The ATLAS inner detector has been designed to have good tracking efficiency in this momentum range over the pseudo-rapidity range |h| £ 2.5. The ability to reconstruct jets in ATLAS over a larger pseudo-rapidity region and over the full azimuth would allow the potential contamination of the saturation physics from high p^ jets to be reduced. One aspect of saturation that is not yet well understood is the affect on hard scattering processes for Q 2 ~ Q s 2 . It has been suggested that the gluon k^ distribution could be significantly modified well above Q s . If so, then ATLAS should be able to study the Q 2 evolution of the saturation effects using g-jet, † bb, and jet-jet measurements.
Another important physics topic that can be addressed by proton-nucleus measurements in ATLAS is the applicability of factorization in hard processes involving nuclei. No detector that has studied either nuclear deep inelastic scattering or proton-nucleus collisions has been able to simultaneously study many different hard processes to explicitly demonstrate that factorization applies. In ATLAS, we will have the opportunity to study single jet and jet-jet events, photon-jet events, heavy quark production, Z and W ± production, Drell-Yan production of di-leptons, etc. and probe in detail the physics of jet fragmentation. With the wide variety of available hard processes that all should be determined by the same parton distributions, we should be able to demonstrate clearly the success of factorization for Q 2 >> Q s 2 .
Detailed studies of the behavior of jet fragmentation as a function of pseudorapidity could be used to determine if the jet fragmentation is modified by the presence of the nucleus or its large number of low-x gluons. The observation or lack thereof of modifications to jet fragmentation could provide sensitive tests of our understanding of formation time and coherence in the re-dressing of the hard scattered parton and the longitudinal spatial spread of low-x gluons in a highly Lorentz contracted nucleus.
Yet another interesting problem that can be well studied in proton-nucleus collisions at the LHC is that of double hard scattering events. These are events in which, for example, two separate partons in the proton undergo a hard scattering in the nucleus. Such events have been observed in p-pbar collisions at the Tevatron [18] . In addition to providing a sensitive test of QCD, they directly probe parton correlations in the proton [19] . It has been argued that when these events take place in a nuclear target, the correlations from the partons in the nucleus are relaxed, so by comparing p-p and p-A data on double-hard scattering, the understanding of parton correlations in the nucleon may be dramatically improved [20] .
ATLAS Physics in Ultra-Peripheral Nuclear Collisions
At the LHC, the highly Lorentz contracted electric field of the ions can be viewed as a source of high energy photon-photon and photon-nucleon collisions, that are physics competitive with electron-positron colliders and electron deep inelastic scattering at HERA [21] . The ATLAS program with Ultra-Peripheral collisions will extend the systematic study of hadron structure at HERA to higher energies and to nuclear targets.
Recently, there has been a lot of activity in the field of ultra-peripheral collisions due, in part, to the realization that at the LHC g-nucleus collisions will occur at up to several hundred TeV equivalent laboratory energy (in the nucleus rest frame). After the Erice meeting [21] a case for this program was formulated in a white paper [22] . Subsequently, a working group was formed to write a CERN yellow report dealing with the theoretical issues and the potential for relevant measurements with the LHC experiments (ATLAS, ALICE and CMS).
Approximately half a dozen topics are on the "short list" of the g-g program as a result of the Erice statement but it is likely that, at the LHC, an important goal will be the study of partonic distributions as probed by heavy quark production by high energy photons. Also hard diffraction of photo-produced vector mesons is of interest. Of course, a feature of our experiment is that the photon q 2 range is limited to ~1/R nucleus 2 in order to take advantage of the large (Z 2 ) enhancement in the cross section. Quasi-real photons are emitted coherently from the nucleus. A more detailed discussion of the equivalent photon spectra with comparisons to the electron-ion collider and RHIC can be found elsewhere [23] .
Heavy quark photo-production at LHC energies was studied by Gellis and Peshier [24] via both photon-gluon fusion and diffractive scattering of the hadronic component of the photon. Their calculation was carried out within the framework of the Colored Glass Condensate). Another approach to the same calculation [25] uses a different description of the parton distributions. The measurements by ATLAS of heavy quark photoproduction will certainly be pertinent in distinguishing between these and other calculations which can be found in the literature.
The ATLAS detector fulfills the prerequisites for a program of physics in this field in that it has hermetic coverage with tracking and high quality calorimetry over full azimuth and out to pseudo-rapidity of h<4.9 units. Whereas in e+e-and e-hadron colliders, the photon energy is tagged via the recoil electron, in ultra-peripheral heavy ion collisions gamma and Pomeron mediated interactions are identified via rapidity gaps (regions of phase space free of particles as expected for colorless exchange) and kinematic quantities. The tools that are currently available, including those which we have developed in analyzing electromagnetic interactions at RHIC, are adequate for eliminating the obvious hadronic backgrounds.
It is sometimes said that the photon energy cannot be determined without some sort of "tag" by the particle that radiates the photon. For this reason an equivalent program using p-p interactions (where the leading proton can at least marginally, in principle be detected) has been discussed [26] . On the other hand, at large enough center of mass energy energies, the E T weighted rapidity distribution of particles in such an event can provide equivalent or better energy of the incident photon as demonstrated by the hadronic diffraction publications by CDF and D0. Electromagnetic and Pomeron mediated interactions are very similar kinematically and the comparison may be fruitful.
Hardware Contributions
Trigger and DAQ Many of us (B. Cole, M.Levine, J. Nagle, and H. Takai) have significant trigger and data acquisition experience at RHIC or are familiar with the proposed ATLAS DAQ architecture. This is clearly an area in future years where studies and possible programmable logic modifications may be necessary and where we can significantly contribute to the running of the nuclear physics program. As physics simulations mature the logical step to be followed is to launch trigger simulation studies and trigger algorithms for the program described in this letter.
Zero Degree Calorimeter
We would like to contribute to the design and construction of the Zero Degree Calorimeter (ZDC) for ATLAS. Discussions with the US LHC group designing absorber and instrumentation at IP1 and IP5 are now well under way. Our group has been involved in discussions with key accelerator personnel for several years. Discussions with them revealed that the RHIC ZDC concept cannot coexist with the present TAN instrumentation [27, 28, 29] . Also it will be impossible and not acceptable for these two pieces of instrumentation (ZDC and TAN) to be exchanged during transitions between heavy ion and proton running at the LHC. For these reasons the detector discussion below and the costing exercise in the appendix are used to illustrate the complexity and scope of the likely solution.
The ZDC will perform the same function as those currently used in the RHIC experiments, where unbound spectator neutrons are detected at a distance of 18m downstream of the collision point. The neutron multiplicity is used to determine n participant or event centrality, an essential quantity for analyzing heavy ion collisions. The ZDCs register neutrons from Coulomb breakup even in collisions where the nuclei do not overlap. This has made them useful as a minimum bias trigger-especially for ultra-peripheral physics. The ZDCs will be located in ATLAS at a distance of 140m from the interaction region within the TAN absorber structure. This structure is designed to accommodate some instrumentation with high luminosity proton-proton running in mind. The radiation levels at the TAN are very high. During high luminosity proton-proton running 200 W of beam energy are deposited in this absorber. Even after a few days of cool-down the activation levels are expected to reach 10-100 mSv/hr. The calculated dose at the location of the ZDC will be ~170Mgy/year. The dose during Heavy Ion running will be 10 4 Gy/day(* 30 days/year). A modified version (using Quartz instead of PMMA fibers) of the RHIC Zero Degree Calorimeters is compatible with this environment. Nevertheless, we feel that the critical design issue concerns integration with accelerator instrumentation planned for this limited space and are actively working to resolve this issue. We expect to also work with members of the CMS experiment to reach a common design.
A key integration issue within ATLAS is the ability of the ZDC's to provide a Level 1 trigger for the experiment. Experience at RHIC has shown that including the ZDC's in a minimum bias trigger is critical in the peripheral collision program. ATLAS has reviewed similar configurations in connection with other forward detectors which have been under discussion and we were able conclude with some confidence that the ZDC's are compatible with the Level 1 trigger. The total trigger latency is 2.5 ms and in the most pessimistic case the ZDC trigger signal will be available at 2.4 ms after beam crossing (see appendix 1 for detailed trigger time budget).
Accelerator Issues
ATLAS is currently putting together a proposal to CERN management for data taking during both nucleus-nucleus and proton-nucleus reaction running. It is expected to be submitted in summer of 2002. It is sometimes stated that the LHC is limited to running two experiments when colliding Lead beams at full design (10 27 cm-2s-1) luminosity. Both luminosity lifetime and quench limits are a concern and calculations are based on Coulomb dissociation and e + e -pair production. In the ideal case where luminosity lifetime is completely dominated by fundamental cross sections the instantaneous luminosity is reduced by an additional 20% after 3 hours with three experiments as opposed to the two experiment scenario. The difference is larger between one experiment to two experiment, 35%. A loss of 20% seems like an acceptable price to pay given the unique capabilities that ATLAS could bring to the nuclear physics program. It is noteworthy that this is only relevant for Pb-Pb at full design luminosity and it is not an issue for light ion and proton nucleus running
Budget and Timeline
The ATLAS experiment is in full detector and electronics production. The nuclear physics program can take advantage of this powerful device with the limitation of very limited design changes. With expected first nuclear collisions in 2008 we present below a calendar of how we envision the ATLAS nuclear physics collaboration growing, contributing to the experiment readiness and finally making the physics measurement a reality.
2002-2003
• Completion of proposal for ATLAS nuclear physics program to be presented to the CERN management.
• Continue full simulation studies for feasibility and optimization.
• Complete work, in collaboration with LHC accelerator physicists, on integration of ATLAS forward instrumentation design with machine instrumentation.
2004-2007
• Augment collaboration with additional institutions. Currently we have strong interest and commitment from Brookhaven National Laboratory and Columbia University, both of which are important participants in the ATLAS program. We envision an US collaboration for ATLAS nuclear physics by 2005 composed of order 6-8 US institutions and approximately 30-40 people including post-doctoral research associates and graduate students. In the same period we fully expect to be joined by colleagues from outside of the US in similar or larger numbers.
• Detailed simulations of the physics measurements, trigger optimization and event selection.
• In conjunction with other LHC experiments we would participate in the design and construction of a set of Zero Degree Calorimeters in ATLAS.
We estimate a cost, excluding man power, or $150K. (see Appendix I for construction description and cost estimate)
• Trigger system optimization. $500-600K, 4 man-years, test hardware infrastructure. (this will happen during later years)
• Data archiving equipment, level 3 trigger equipment $450K.
2008-2009
• First run. Full collaboration participation.
Conclusions
ATLAS is a detector with enormous physics capabilities. There is an opportunity for the US nuclear physics community to play a leading role on the ATLAS experiment to extract a wealth of physics. We envision a small US collaboration of order of 30 people and minimal cost to the DOE nuclear physics.
The relativistic heavy ion collider at Brookhaven has produced a great deal of excitement in its two first years of running. The ATLAS nuclear physics program represents a measurement of nuclear physics excitation function up to unprecedent energies.
Appendix I Zero Degree Calorimeter Construction and Cost

ZDC Construction -Status of RHIC ZDC and upgrades
We built RHIC ZDC pre-production prototypes at BNL with Tungsten absorbers and at University of Frankfurt with copper absorbers. Both were tested at CERN and found to meet the design requirements. The Tungsten design was chosen for RHIC and the production of the remaining ZDC's shared between BNL, Frankfurt, IHEP, Maryland and Texas. Aside from managing the construction, commissioning and installing the ZDC's the PHENIX group at BNL has continued ZDC development on two main fronts:
1. A more radiation hard version of the RHIC ZDC was built having in mind potential luminosity increases of RHIC and the current interest of the RHIC-spin collaboration to use the ZDC.
2. We developed a ZDC shower maximum detector and installed it for the most recent RHIC run. The shower maximum detector is used to measure the p T distribution of fragmentation neutrons in A-A collisions. However in the recent polarized pp run at RHIC we found evidence for significant analyzing power with forward neutrons. If this is confirmed, then shower maximum detectors of the type we have built for PHENIX will be used as local polarimeters in most of the RHIC experiments. Only PHENIX has experience with these detectors.
The above developments are directly applicable to ATLAS (and CMS). The PMMA optical fibers currently used in the RHIC ZDC are not suitable for doses above 1 Mrad and the upgraded design uses a polymer clad fused silica fiber. We also investigated an even more rad hard fibers with fused silica in both core and cladding(at another factor of ~4 in fiber cost). The Shower Maximum detector will be useful as a component of the LHC Zero Degree Calorimeter, particularly when the beams have finite (150 microrad) as in pp running. Of course we cannot consider conventional scintillator materials for this location. However a high-pressure shower maximum detector like the one designed for pp luminosity monitoring (which has adequate segmentation) would satisfy our requirements.
Construction Project and costs
The ATLAS ZDC could be built by BNL or shared among several institutions. BNL has experience managing the construction of the RHIC ZDC. BNL has successfully coordinated the manufacture and installation of ZDC for four experiments with the involvement of three countries. The same model could apply to ATLAS and conceivably the task could be shared with CMS since the technical requirements are identical.
This project would require 1-2 months each of mechanical and electrical engineering time, preferably working directly with TAN (accelerator) project engineers. Also 1 year of physicist to complete the project. A beam test of pre-
Figure 5 Absorber and Beam Instrumentation for both CMS and ATLAS (TAN)
production module and a shower max detector will be performed in a 100 GeV proton beam.
Materials: For the pre-production RHIC ZDC we acquired tungsten absorber in Tula, Russia. For the final production run we bought machineable Tungsten-alloy plates from Kulite Corp, USA. Since in the LHC project, the fiber dominates the production cost there is no good reason to re-visit tungsten costing. We use current quotes from Kulite.
Optical fibers: The cost estimate is based on exactly the rad hard upgrade of the ZDC developed at BNL. There are only 2 variations for the LHC -the detectors will be 8-9cm wide instead of 10 cm and the depth used for costing is 8 Interaction lengths (4 modules vs 3 modules). Although we looked at reoptimizing for LHC energy we prefer to use our existing design. The project requires 12 km of 0.60 mm diameter fiber at a cost of $1.50 per meter. A more rad tolerant fiber (which is required if the ZDC is used also for pp running at the LHC) uses quartz core-quartz cladding and costs $6.00 per meter.
CMS Heavy Ion Workshop 2/8/02
Absorber and Beam Instrumentation (common design for CMS and ATLAS I.r.'s)-TAN +detectors Ribbon manufacture: We made the RHIC optical fiber ribbons using equipment, which we re-cycled from an SSC R&D project. This equipment is still available and could be used for ATLAS.
Photomultipliers: We consider the same Hamamatsu R329-02 PMT used throughout the ZDC development at BNL. This PMT has sufficient dynamic range (~up to 100 mA peak current) to be suitable also for this project. The cost per PMT is approximately $1,100(including bases) and we need 8. We do not consider the radiation tolerance of materials and photodetectors in view of the large current uncertainty in which technology we will choose to accommodate integration with LHC accelerator instrumentation.
Calibration/monitoring and front-end electronics: The ATLAS ZDC would rely more on light flashers for gain monitoring than did the BNL devices. The reason for this is that there will be a larger (by a factor of 30) difference between minimum ionizing particle light yield and the physics threshold (a 2.7 TeV neutron). We will rely more on the optical flasher system to gain balance the sections of the calorimeter with muons. For the cost of the front-end electronics we again use the BNL model where we have required ~75 ps timing resolution, 20nsec integration time and some elementary trigger logic. However actual cost will be affected by the degree of integration with accelerator instrumentation that is required. 
